Abstract Intra-operative incidental contamination of surgical wounds is not rare. Povidone-iodine solution can be used to disinfect surgical wounds. Although povidone-iodine is a good broad-spectrum disinfecting agent, it has occasionally been reported to have a negative effect on wound healing and bone union. Therefore, its safety in a spinal surgery is unclear. A prospective, single-blinded, randomized study was accordingly conducted to evaluate the safety of povidone-iodine solution in spinal surgeries. Ascertained herein was the effect of wound irrigation with diluted povidone-iodine solution on wound healing, infection rate, fusion status and clinical outcome of spinal surgeries. Materials and methods: From
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Introduction
Deep infection is a devastating complication in the spinal surgery with reported rates ranging from 0.5 to 13%. The incidence of post-operative spinal infection can be influenced by many factors, and tends to increase generally with complexity of procedure, advanced age, malnutrition, obesity, immunosuppression, remote infection and poor operative environment [20, 22, 43] .
Intra-operative contamination of spinal surgical wounds is also a risk factor. Air-borne bacteria in the operation room were considered the main source of wound infection [20] . Contamination happens occasionally with air-borne particles, fallen debris or hair of surgical staff, and is often managed and disinfected with povidone-iodine solution, irrigation (with or without antibiotic solution), pulsatile lavage or parenteral antibiotics [18, 35, 39] .
Povidone-iodine solution is widely used in disinfecting open fractures, traumatic and surgical wounds. It is a good disinfecting agent, but the inhibitory effects on osteoblast and fibroblast have been reported in animal studies only [11, 17] . Its safety for clinical use in a spinal surgery therefore hasn't been confirmed yet. The aim in this prospective study was to evaluate the effect of wound irrigation with povidone-iodine on wound healing, infection rate, fusion status and clinical outcome of spinal surgeries.
Materials and methods
The study included 244 consecutive patients of 435 primary instrumented lumbosacral posterolateral fusion levels for degenerative spinal disorder from January 2002 through August 2003 at our institute. They all had lumbar or lumbosacral segmental instability defined by chronic back, buttock and/or leg pain and degenerative spondylolisthesis, degenerative scoliosis or isthmic spondylolisthesis. Patients were excluded from the study if they were with any of the following: a prior spinal surgery, spinal trauma, malignant tumor, infectious spondylitis, rheumatoid arthritis, ankylosing spondylitis, metabolic bone disease, skeletal immaturity and an immunosuppressive treatment.
All the patients were noted on lateral flexion-extension radiographs to have segmental instability (translation of 4 mm and angulation of 10°) [28] . The clinical and neurologic examinations and imaging studies (magnetic resonance imaging) confirmed the levels responsible for the symptoms.
The patients agreeing to participate signed a consent and then were randomly assigned to either treatment group. An independent person unaware of the subject characteristics and study design delivered pre-coded sealed envelopes randomly (containing serial numbers from 1 to 300) to the assignment of the subjects into the two groups. The sealed envelope was not opened until the middle of surgery before wound irrigation. In group 1 composed of patients with odd serial numbers (study group), wounds were irrigated with 0.35% povidoneiodine solution to soak for 3 min, followed by an irrigation with 2000 c.c. of normal saline to remove povidone-iodine solution. No more wound irrigation was given after. The decortication, bone grafting and instrumentation procedures were subsequently performed. In contrast, group 2 with patients even numbered (control group) was wound irrigated only with 2000 c.c. of normal saline.
Group 1 comprised 120 patients (with 212 fusion levels), 64 men and 56 women, at an average age of 67.1 years (20-82 years). Twenty had diabetes mellitus (DM). Sixteen were smokers. Sixty-four took non-steroid anti-inflammatory drugs (NSAIDs) after surgery. The pre-operative diagnosis was degenerative spondylolisthesis in 84, spinal stenosis with instability in 24 and lytic spondylolisthesis in 12. The intended fusion levels were: one level in 56 patients, two levels in 42, three levels in 16 and four levels in 6. A supplementary neural decompression was done in 114 patients ( Table 1 ). As to group 2, it consisted of 59 males and 65 females with 223 fusion levels, at an average age of 65.4 years (22-89 years). Sixteen patients had DM. Twenty-two were smokers. Seventy took NSAIDs after surgery. The preoperative diagnosis was reported to be degenerative spondylolisthesis in 92, spinal stenosis with instability in 22 and lytic spondylolisthesis in 10. The intended fusion levels were: one level in 54, two levels in 46, three levels in 19 and four levels in 5. A supplementary neural decompression was done in 116. For the other associated factors, please refer to Table 1 .
All the operations were performed by the same surgeon with the same technique in standard operating theatres without routine ultraviolet lights for disinfection, laminar flow or body-exhaust suits. The surgical procedures were summarized as follows. The surgery was performed through posterior midline approach with the patient lying in a prone position. The posterior safely in spinal surgeries, and it will not influence wound healing, bone union and clinical outcome.
Keywords Povidone-iodine solution AE Clinical outcome AE Spinal bone fusion AE Infection elements (spinous processes, laminae, facet joints and transverse processes) were exposed subperiosteally. Appropriate laminectomy was performed with a facet joint-preserving technique. The entrance point of pedicle screw was identified with anatomic landmarks described by Roy-Camille et al. [33] . The starting point was drilled with a high-speed burr and then the transpedicular canal was formed by probing and tapping through the pedicle into the vertebral body for the placement of a pedicle screw. Gelform plugs were inserted into the pre-drilled channels to prevent excessive blood loss from vertebral body bone marrow. Wound irrigation was completed prior to the bone-grafting and instrumentation procedures. No more wound irrigation was given after this procedure. Decortication of transverse process, pars interarticularis and lateral aspect of facet joints was done with a high-speed burr. The autogenous bone grafts, harvested from the posterior iliac crest and bone chips during the decompression procedure, were packed along the posterolateral gutter. Instrumentation with pedicle screw system via the pre-drilled transpedicular canals was then completed. Wound closure was done layer by layer after the suction drainage was applied.
All patients were treated in the same postoperative manner as described below. A routine analgesic pain control was applied for 3 days. Led by the pre-operative intravenous bolus injections of cefazolin (1000 mg) and gentamicin (60 mg), additional cefazolin (1000 mg/6 h) and gentamicin (60 mg/12 h) were also given for 48 h after the operation, and then oral cefazolin (500 mg/6 h) for 3 days. The drainage tube was removed in 48 or 72 h postoperatively. Then the patient was mobilized with protection of a custom-made lumbosacral orthosis whenever out of bed for 3 months. The orthosis could be removed once per day to allow showering in a standing position.
All patients were followed up 2 weeks, 1 month and 3 months after operation and then every 3 months till the end of study. Clinical outcome, wound status and imaging study, including anteroposterior and lateral radiographs, were checked on every follow-up visit. In addition, lateral flexion-extension bending films and a computed tomography scan were taken to confirm pseudoarthrosis if fusion status was non-union or doubtful. The duration of follow-up was 19.4 months for group 1 and 19.1 months for group 2 (Table 1) All clinical and radiographic assessments were made by independent observers other than the treating surgeons. Clinical outcome was evaluated by Robinson [14] . Ambulatory status was evaluated as: point 0, neurogenic claudication with walking distance less than 500 m; point 1, between 500 and 1000 m; point 2, between 1000 and 5000 m; point 3, more than 5000 m. The back and leg pain scores, function scores, and ambulatory status were recorded preoperatively and at the end of study. Differences in scores were taken and analyzed. At the follow-up, the patients were rated in their satisfaction with the results of surgery as very satisfied, somewhat satisfied, somewhat dissatisfied or very dissatisfied.
The fusion status was determined by two independent observers, an orthopedic spine surgeon and a skeletal radiologist, from plain anteroposterior and lateral radiographs at the end of study (at least 1 year after surgery) [40] . The fusion grade was examined at every intended fusion level on both sides, and each level and each side was judged separately. The fusion status was divided into four grades: trabecular bony continuity less than 25% represented grade 0; between 25 and 50%, grade 1; between 50 and 75%, grade 2; more than 75, grade 3 [19] . The fusion status was classified as absence of fusion, provided grades 0 or 1 was noted at the intended fusion level; presence of fusion, in case of grades 2 or 3( Table 2 ). The lowest grade at intended fusion levels was used for the fusion assessment. Solid union of fusion mass meant that one or both sides had grades 2 or 3 fusion at all intended levels (Fig. 1a, b) . If the reported fusion status differed between the examiners, the radiographs were reexamined to reach a consensus. Lateral Solid fusion >75-100% None Extensive continuity of the fusion mass without motion Fig. 1 a, b The illustrations showed the assessment of the posterolateral intertransverse spinal fusion. Each level and each side was judged separately. Continuous intertransverse bony bridge (grades 2 or 3 fusion) on at least one of the two sides indicated a fusion at the level. a Union meant that one or both sides had grade 2 or grade 3 fusion at all intended levels. b Non-union indicated that any intended levels had grades 0 or 1 fusion on both sides flexion-extension radiographs were taken to detect segmental motion (translation of 4 mm and angulation of 10°) if the fusion status was non-union or doubtful (e.g. fusion mass obscured by implant) [28] . Moreover, a computed tomography scan was undertaken to further evaluate any transverse clefts in the fusion mass if segmental motion was noted. The infections were classified as superficial (above lumbosacral fascia) or deep (below lumbosacral fascia), and as early onset (within 2 weeks postoperatively) or late onset (otherwise). All deep infections were confirmed by laboratory parameters including the erythrocyte sedimentation rate (ESR) and level of C-reactive protein (CRP) and a positive culture of biopsy.
Data were analyzed with a SPSS statistical program (Version 11.0.1, SPSS Inc., IL, USA).
was used to compare the differences between preoperative and postoperative scores (including pain scores, function scores and ambulatory capacity). Before analysis, the P value was set at 0.05 for each test.
Results
There were no statistical differences between both groups with regard to age, gender, DM, smoking, body mass index, the duration of follow-up, pre-operative diagnosis, intended fusion levels, operation time, postoperative drainage or usage of NSAIDs after surgery (P>0.05) ( Table 1)  Tables 3 and 4 compare the changes in pain scores from before surgery to the final follow-up between the two groups. In group 1, the preoperative assessment showed that 102 patients had severe or moderate pain in the back or buttock. The postoperative evaluation showed that 106 patients did not have pain or had only mild pain. Ninety-two were rated moderate or severe in pre-operative leg pain. At the final follow-up, 108 patients were rated none or mild in leg pain. As in group 2, the preoperative assessment showed that 101 patients had severe or moderate pain in the back or buttock. The postoperative evaluation showed that 104 did not have pain or had mild pain only. Ninety-five were rated moderate or severe in pre-operative leg pain. At the final follow-up, 110 were rated none or mild in leg pain. The statistical analysis showed a significant reduction in back pain and in leg pain (P<0.05). There was no significant difference between both groups in the distribution of pre-operative and post-operative pain score (Tables 3,  4) , nor in the degree of improvement in pain score according to the Mann-Whitney test (P>0.05). Tables 5 and 6 compare the changes in modified JOA scores and ambulatory capacity from before surgery to the final follow-up between the two groups. In group 1, preoperative function scores showed that 84 patients had significant function impairment. The postoperative evaluation showed that 102 did not have or had mild function limitation. Before surgery, 70 patients walked less than 500 m. At the final follow-up, 91 could walk more than 1000 m. As in group 2, the preoperative assessment showed that 86 patients had significant function impairment. The postoperative evaluation showed that 101 did not have or had mild function limitation. Before surgery, 78 walked less than 500 m. At the final follow-up, 88 could walk more than 1000 m. The statistical analysis showed a significant improvement in function score and in ambulatory capacity (P<0.05). There was no significant difference between both groups in the distribution of pre-operative and post-operative JOA function score and ambulatory capacity (Tables 5, 6 ), nor in the degree of improvement in JOA score and ambulatory capacity according to the Mann-Whitney test (P>0.05). Eighty-nine percent group-1 patients were reported to be very satisfied or somewhat satisfied with their surgical outcome, whereas 82% for group-2 patients. There was no statistical difference between both groups in the satisfaction with the results of surgery (P>0.05).
Eighty-nine patients in group 1 and 88 in group 2 were classified as fused at all intended levels from plain anteroposterior and lateral radiographs. As to the remaining patients with doubtful or non-fused status, no segmental motion was found in 18 of 31 group-1 patients and 21 of 36 in group-2 after checking lateral flexion-extension radiographs. Computed tomography scans showed transverse clefts in fusion mass in all patients who had segmental motion in lateral flexionextension radiographs except two group-1 and three group-2 patients in whom the defect of fusion mass was obscured by the metallic artifact caused by the implants. Yet, the motion radiographs did reveal segmental motion; the fusion status of the abovementioned five patients were therefore classified as non-union. As a result, 107 patients in group 1 and 109 in group 2 achieved solid union. Thirteen (10.8%) in group 1 and 15 (12.1%) in group 2 had non-union ( Table 7) . The difference in the rate of non-union between the two groups was insignificant by the Fisher's exact test (P=0.28). Three patients in group 1 and four in group 2 underwent exploration of the non-union site and re-arthrodesis with autogenous bone graft. Solid union was then achieved in all re-operated patients and satisfactory results were gained in all except persistent back pain was noted in one group 1 patient. Three patients in group 1 and five in group 2 refused any additional surgery. Seven patients in group 1 and six in group 2 had mild symptoms with satisfactory clinical outcomes, and thus took conservative treatment. Junctional stenosis developed in four patients (two group 1, two group 2), requiring a second decompression, instrumentation and arthrodesis. Two patients in Table 5 The distribution of pre-operative and post-operative modified Japanese Orthopedic Association function score (JOA) S** S** NS*** * Pearson chi-square test; ** The improvement of walking distance was examined with Mc Nemar test; *** The differences of the improvement of walking distance between the groups were examined with Mann-Whitney test group 1 and one in group 2 had dura tear and were treated with repair with 8-O nylon. There were no new peripheral neurologic deficits associated with pedicle screws after surgery in both groups.
There was no wound infection in group 1 during the follow-up period, but two early onset and four lateonset deep infections (4.8%) in group 2. Among these six cases, methicillin-resistant Staphylococcus aureus (MRSA) was cultured from five cases, whereas Enterobacter cloacae was grown on one culture. After the treatment of radical debridement and parenteral antibiotics (according to sensitivities) for 6 weeks and oral antibiotics for 2 months, a satisfactory outcome has been reached except in two cases. In these two remaining deep infections, the implants were removed 4 months postoperatively, because debridement alone was not enough to eradicate the infection. With persistent severe back pain and poor ambulation after surgery, these two patients were very dissatisfied with the result of surgery. At the other aspect, the wound dehiscence was found in one group 1 and two group 2 patients, yet all healed after a debridement and reclosure procedure. No microorganisms grew in the cultures taken before the administration of antibiotics from the wounds in these three patients. The others healed well and the sutures were removed on the 14th post-operative day.
Discussion
Deep infection is a devastating complication in a spinal surgery. Amongst all infective organisms, S. aureus is the most common one. The current prophylactic antibiotics, the first-generation or second-generation cephalosporin and aminoglycoside, can effectively reduce the infection rate related to low-virulence S. aureus and other organisms. Unfortunately, most of the serious nosocomial infective organisms, such as MRSA and Pseudomonas aeroginosa, are resistant to these first-line antibiotics [20, 22, 43] . Moreover, the incidence of methicillin-resistant organisms has been found to have a trend of increasing. For instance, Klekamp et al. have reported 16 postoperative spinal infections (with a rate of 45%) caused by MRSA in 35 patients. From their observation, the risk factors of MRSA infection might include lymphopenia, chronic infection, alcohol abuse and recent hospitalization [13] .
Intra-operative contamination of a surgical wound is also an important cause for postoperative spinal infection [20] . Antibiotics and antiseptics irrigation of surgical wounds has been used to decrease the associated infection rates. Many in vitro and animal studies, for example, indicated the effectiveness of topical antibiotics in eliminating causative organisms in surgeries [32, 34] . However, the clinical study for orthopedic surgery is sparse. In a review of topical antibiotics prophylaxis, Haines suggested that intraoperative topical antibiotics would be beneficial for surgical wounds with high infection risk (greater than 15%), but no sound scientific evidence for wounds with a risk of infection less than 5% [8] . Besides, there are two clinical reports investigating the effectiveness of topical antibiotic instillation without the addition of systemic antibiotics in an orthopedic surgery. Within these two, Maguire (using a bacitracin/neomycin powder) found topical agents were effective in reducing infection rates, while Nachamie (using dilute neomycin) found them ineffective [21, 25] . In conclusion, it may be said that data are currently too insufficient to justify the effectiveness of topical antibiotics for prevention of postoperative infection.
Povidone-iodine solution, with concentration of 10%, is a broad-spectrum disinfecting agent that would not generate resistance in microorganisms, even in the case of antibiotics or antiseptics cross-resistance [15, 37] . Maximally effective at the 1:100 dilution, it still retains bactericidal activity even at 1:10,000. The apparent bactericidal potency increase of diluted povidone-iodine solution consists in the density increase of ''free'' iodine, to a maximum of approximately 26 ppm between 0.1 and 1% povidone-iodine [9] . Some have reported that iodine preparations are generally de-activated by organic substances and proteins, but Kunisada et al. found that 0.2 and 0.5% diluted povidone-iodine solution could kill the bacteria completely even in the presence of 5 and 10% serum, respectively [15] . In a large perspective study on the etiology of spondylodiscitis after microscopic discectomy, Tronnier et al. [41] have demonstrated that 17% (70 out of 412) of their patients had a positive bacteriological culture from their intervertebral disc space during operation. Yet routine application of povidoneiodine or neomycin sulfate solution into the disc space at the end of operation could reduce the infection rate to 0.25% (1 out of 412). Povidone-iodine solution can decontaminate the operative site and prevent clinical infection despite positive culture findings. Nevertheless, the influence of povidone-iodine on a wound and clinical outcome has not been mentioned.
Povidone-iodine solution is widely used in disinfecting traumatic and surgical wounds. In in vitro and in vivo animal studies, although the inhibitory effect of povidone-iodine on fibroblast and wound healing has been reported to be positive, wound healing process, wound tensile strength and re-epithelization were not affected in experimental corneal defects and skin wounds [2, 7, 24, 26] . Despite that the results from in vitro and in vivo animal experiments might not be simply applied to human, wound healing was not influenced negatively by povidone-iodine in normal skin (suction blister and surgical wound) or disturbed one (burns and Mohs' therapy) in many human studies [6, 7, 30] . In our study, only one wound dehiscence was noted after irrigation with diluted povidone-iodine solution.
Although povidone-iodine solution is widely used in disinfecting open fractures, traumatic and surgical wounds, its safety in orthopedic surgery remains controversial. No literature has ever reported its effect on human spinal bone fusion. In one animal study, however, Kaysinger et al. [11] exposed embryo chick osteoblast and tibia bone to diluted Betadine solution (at a concentration of 0.5, 5, 50 and 100%, respectively) and found that povidone-iodine was cytotoxic to chick osteoblast and tibia at the concentration of more than 0.5% povidone-iodine solution. Yet, no cytotoxic effect was noted at lower concentration (0.05%). Judging from what can be referenced, we irrigated the surgical wound with diluted povidoneiodine solution at the concentration of 0.35%, which could eradicate the bacteria and reduce the inhibitory effect on fibroblast and osteoblast to the minimum [15] .
Pseudarthrosis often is associated with poor clinical results [10, 42] . The non-union rate of instrumented posterolateral fusion ranges from 7 to 28%, and is related to the number of fused levels, smoking, age, osteoporosis, malnutrition and radiotherapy [4, 16, 27, 38, 44] . The incidence of non-union (11% for group 1 and 12% for group 2) in our study is comparable with previous reports [5, 10] . The difference between both groups in the rate of union, improvement of pain score and function score was not significant according to the Fisher's exact test and Mc Nemar test. These results showed the absence of strongly negative effect of diluted povidone-iodine irrigation on spinal fusion and clinical outcome. Povidone-iodine solution seems not to alter the microvessels but can enhance angiogenesis, which is essential in bone healing [1, 6, 12] . Macrophages play a central role in wound healing by removing necrotic debris in wound and secreting cytokines and growth factors, which regulate mesenchymal stem cell recruitment, proliferation and differentiation [29] . They also play a similar pivotal role in osseous healing by producing bone morphogenetic proteins (e.g. BMP-2, BMP-6) and transforming growth factor-b-1 to promote human mesenchymal stem cell (hMSC) differentiation along the osteoblastic lineage for new bone formation [3, 36] . As povidoneiodine solution may activate macrophages, modulate their cytokine output and generate an influx of monocytes and T-lymphocytes into the wound, it may be beneficial in bone healing [23] . Besides, the povidone-iodine-soaked cortex was burred away before the bone-grafting procedure, which made the local bone marrow (the major source of osteoprogenitor and inflammatory cells) uninfluenced, thus to reduce the inhibitory effect of povidone-iodine solution on osteoblast and osteogenesis.
One may doubt the irritation effect of povidone-iodine solution on wounds and nerves. The assessment of severity of pain tends to be subjective, thus hard to evaluate. Due to routine use of postoperative analgesic pain control, the immediate postoperative pain score ends up complicated to evaluate. As no significant difference was found between both groups in wound healing and pain score throughout the follow-up evaluation, it seemed that irrigation with diluted povidoneiodine solution followed by normal saline did not cause significant wound irritation or deteriorate clinical outcomes.
With the sub-optimal operative environment, which did not include ultraviolet light for disinfection, laminar flow or body-exhaust systems, the deep infection rate (4.8%) in group 2 was higher than those reported elsewhere [20, 22, 43] . In group 1, with wound irrigation by additional diluted povidone-iodine, no wound infection developed. The difference in the infection rates was statistically significant between the two groups (P=0.029). Except the use of povidone-iodine irrigation, no other factors differed between the two groups. It does not necessarily mean that the diluted povidone-iodine irrigaion alone will prevent postoperative infection, but rather such irrigation does aid in combination with the preventive measures like intraoperative aseptic techniques, diligent surgical procedures and parenteral antibiotics. This effectiveness might be more meaningful in a relatively poorer preoperative environment.
In conclusion, wound irrigation with diluted povidone-iodine solution followed by normal saline before the bone-grafting procedure exerted no negative effects on spinal bone fusion, clinical outcome and wound healing. Diluted povidone-iodine solution can be used safely in a spinal surgery for the prevention of postoperative spinal infection, especially in patients with the wound contaminated accidentally during operation, or in an inappropriate environment without routine ultraviolet lights for disinfection, laminar flow or body-exhaust suits.
port of this work. No benefits in any form have been received or will be received from a commercial party related directly or indirectly to the subject of this manuscript. We thank Miss HuiChen Lee, Division of Experimental Surgery, for her help in stastistic analysis.
